Objectives: Comparatively little research has been conducted on right neglect after left brain damage. The authors sought to assess contralateral neglect in subacute left hemisphere stroke patients using a comprehensive test battery validated in a large control group after right hemisphere stroke. Methods: Seventy-eight left hemisphere stroke patients were assessed. The test battery included a preliminary assessment of anosognosia and visual extinction, a clinical assessment of gaze orientation and personal neglect, and paper-and-pencil tests of spatial neglect in the peripersonal space. Only nonverbal tests were used. Results: Drawing and cancellation tasks revealed neglect in 10 to 13% of patients. The combined battery was more sensitive than any single test alone. A total of 43.5% of patients showed some degree of neglect on at least one measure. Anatomic analyses showed that neglect was more common and severe when the posterior association cortex was damaged. Conclusions: The frequency of occurrence of right neglect was, as expected, much lower than that reported in a study using the same assessment battery in right brain damage stroke patients. Nevertheless, neglect was found in a substantial proportion of patients at a subacute stage, suggesting that it should be considered in the rehabilitation planning of left brain damage stroke patients.
NEUROLOGY 2004;63: 1600 -1605 Unilateral neglect is more frequent, severe, and persistent after right brain damage (RBD) than after left brain damage (LBD). However, patients with right-sided neglect after LBD have been reported. 1, 2 Several cases of right extrapersonal neglect after LBD have been described. 3 Right personal neglect in the absence of extrapersonal neglect has been also observed in LBD patients. 4 A long-term follow-up study, which assessed nearly 100 cases each of LBD and RBD after 4 years, found qualitative differences between the groups in the rate of occurrence of contralesional neglect. 5 This asymmetry is usually attributed to a right hemisphere dominance for the distribution of spatial attention. 6, 7 One model proposed to account for this asymmetry postulates that the right hemisphere can direct attention to the ipsilateral and the contralateral hemispace, whereas the left hemisphere directs attention almost exclusively to the contralateral right hemispace. 7 Accordingly, studies using functional neuroimaging have shown a right hemisphere dominance for mediating visual se-lective attention and more basic aspects of attention, such as arousal and alertness. [8] [9] [10] Right spatial neglect has received much less attention than left neglect. Estimates of the frequency of right neglect after LBD greatly vary from one study to another, ranging from 0 to 76%. 11, 12 Thus, a precise account of the frequency of neglect after LBD is difficult to obtain because the available data are remarkably heterogeneous. Fewer LBD patients are typically studied because they are most likely to be dysphasic and may have problems in understanding the assessment instructions. 13 Timing of assessment and the tests used varied considerably from one investigation to another. 13 A further issue of interest concerns the hypotheses about hemispheric specialization for perceptual-attentional processes. Right and left neglect could differ 1) before underlying mechanisms; and 2) before intrahemispheric lesion locations. 14, 15 For example, 1) right neglect patients may have peculiar patterns of performance on neglect tests; and 2) a large-scale study of right neglect should also be able to test the proposal that right neglect may result from more anterior lesions than those provoking left neglect. 16 In the present study, we assessed the main characteristics of right neglect in patients with subacute left hemisphere stroke. We used a standardized test battery previously validated in a large control group 17 and in subacute right hemisphere stroke patients. 18 The test battery was adapted for use in aphasic patients to control for the confounding effect of language disorders after left hemisphere damage.
Patients and methods. Patients. Eighty-nine patients with a first-ever unilateral left hemisphere stroke were consecutively included in 19 participating centers in France and Belgium. Eleven had to be excluded for severe language (mainly comprehension) disorders. Of the 78 remaining patients, 54 (69.3%) had an ischemic stroke, and 24 (30.7%) had a hemorrhagic stroke. Forty-six of them were men, and 32 were women. Mean (SD) age was 54.6 years (15.7), and time since stroke onset was on average (SD) 10.8 weeks (12.4) . Educational level was assessed with a three-level scale, as it was with the control group. 17 Almost one-half of the patients (46.9%) had Յ8 years of schooling; 27.3% had 9 to 12 years; and 25.7% had Ն13 years. Information about handedness was obtained through a standardized questionnaire providing a score ranging from 0 (left-handed) to 100 (right-handed). 19 Most patients (83.2%) were right-handed (score of Ն80/100).
Motor impairment was assessed with a three-level scale, 20 ranging from 0 (no motor deficit) to 2 (severe hemiplegia). Sixteen patients (20.5%) had no hemiplegia; 42 (53.8%) had moderate hemiplegia; and 19 (24.3%) had severe hemiplegia (data were not available for one patient).
Patients were classified in four groups according to stroke localization as assessed by CT, MRI, or both: anterior (lesion limited to the premotor cortex and adjacent white matter; n ϭ 7), posterior (lesion limited to the retrorolandic cortex, including parietal but also temporal or occipital regions, or both; n ϭ 9), anteroposterior (lesion involving premotor, rolandic, and posterior regions; n ϭ 35), and subcortical (lesion limited to internal capsule, centrum semiovale, striatum, or thalamus; n ϭ 20). Anatomic classification was done in each center by examiners who were not informed of the results of neuropsychological evaluation. CT or MRI or both were performed on average (SD) 8.9 weeks (6.7) after onset. Anatomic data were not available for seven patients.
Testing conditions. The tasks were always given in the same order within one session of Յ1 hour and in the same conditions as in control subjects and RBD patients. 17, 18 For aphasic patients, the examiner systematically controlled test comprehension before the patient started the task. Only nonverbal tasks were used in the present study to control as much as possible for the confounding effect of language disorders (i.e., tests with an explicit and relevant linguistic component were not used). With this procedure, as previously stated, only a limited number of patients (n ϭ 11) had to be excluded because of severe comprehension deficits. Assessments were conducted under the control of experienced examiners, and three examiners (M.A.K., C.K., and N.M.) from the coordinating center systematically reassessed all the data. Regular meetings with all participating centers also checked homogeneity of testing conditions and scoring.
Test battery. The test battery has been previously reported in detail elsewhere. 17, 18 To summarize, the test battery included assessment of personal neglect and gaze orientation and several paper-and-pencil tests (bell cancellation test, scene copy, clock drawing, two line-bisection tasks, and identification of overlapping figures), most of which were adapted from the existing literature with their authors' authorization. Related disorders such as anosognosia and extinction were also addressed.
Assessment of gaze orientation and personal neglect. Gaze and head orientation. Spontaneous gaze and head orientation was assessed with a four-level scale 21 (0, no deviation; 1, reducible spontaneous deviation; 2, reducible deviation on incentive; and 3, permanent leftward deviation of gaze and head).
Personal neglect. Patients were asked to reach their right hand with the left hand, first with eyes open and then with eyes closed. A four-level scale 22 was used (0, normal performance; 1, the target is reached with hesitation and is searched; 2, searching is stopped before the target can be reached; and 3, no attempt to reach the target).
Paper-and-pencil tests of extrapersonal neglect. The bells test. Subjects were asked to circle 35 targets (black ink drawings of bells) presented on a horizontal 21 cm ϫ 29.7 cm (A4) sheet of paper along with 280 distractors. 23 The following variables were used: total number of omissions (/35) and the difference between right-and left-sided omissions.
Figure copying. Subjects were asked to copy on a horizontal A4 sheet a drawing including (from left to right) a tree, a house with a right-sided chimney, a fence, and a second tree. 16, 24 A modified five-level 16 scale was used, ranging from 0 (no omission) to 4 (omission of the right tree and of at least the right part of another item).
Clock drawing. Patients were required to place the 12 hours in a circle drawn by the examiner. A three-level scale was used, ranging from 0 (normal performance) to 2 (omission or leftward displacement of all right-sided hours).
Line bisection. Patients were asked to mark the middle of four lines of two different lengths (two 5 cm and two 20 cm) presented separately and centered on an A4 horizontal sheet. Deviation from the true middle was measured in millimeters, positively for rightward deviations and negatively for leftward deviations.
Assessment of related disorders. Awareness. Awareness of motor and visual deficits was assessed using a four-level scale 25 (0, perfect awareness of the deficit; 1, the deficit is detected only after a specific question about the strength of the left or the right side or about the visuospatial difficulties of the patient; 2, the disorder is found only after its clinical demonstration such as a neurologic examination; and 3, the patient never admitted having some impairment despite its demonstration by the examiner).
Visual extinction and hemianopia. The presence of extinction or hemianopia was tested clinically by wiggling fingers for 2 seconds in one or both visual fields while controlling central gaze fixation. Six trials were given in a fixed pseudo-random sequence including four unilateral trials (two on each side) and two simultaneous bilateral trials. Extinction was considered present when a patient failed at least once to report a contralesional stimulus during bilateral simultaneous presentation while accurately detecting unilateral stimuli.
Data analysis. Descriptive statistics (i.e., mean, SD, and range) were used to describe performance. Statistical analyses were performed using SPSS software (SPSS Inc., Chicago, IL). The performance on paper-and-pencil tests was compared with that of control subjects from a previous study (n ϭ 456 to 576, depending on the tests). 17 Patients were considered affected by unilateral neglect if they obtained a score poorer than the fifth percentile of the control group. For some tests, performed without any error by all control subjects (e.g., figure copying and clock drawing), any right-sided omission was considered to be an index of unilateral neglect.
Results. Assessment of gaze orientation and personal neglect.
A rightward gaze or head deviation was found in nine (11.5%) patients. Personal neglect was found in 7 patients (9%) with eyes open and in 10 patients (12.8%) with eyes closed.
Paper-and-pencil tests of extrapersonal neglect. Ten patients (13.2%) had signs of right neglect on clock drawing, 10 (12.8%) on the bells test, and 8 (10.4%) on figure copying, whereas only 5 (6.4%) and 3 (3.8%) patients had significant leftward deviation on line-bisection tasks (table 1) .
Assessment of related disorders. Five patients (6%) had anosognosia for hemiplegia and eight (10%) for visual impairments. Extinction and hemianopia were tested in 74 patients. Seventeen (23%) had a right hemianopia, and three (4%) had a right visual extinction without hemianopia.
The whole battery was more sensitive than any single test alone because 34 patients (43.5%) demonstrated ne-glect on at least one measure. Comparatively, table 1 also shows a summary of the results obtained in a previous study with RBD patients. 18 Although RBD and LBD patients were not exactly matched for stroke size and severity, the data from the two studies could be reliably compared because they were conducted by the same investigators, in the same units, with the same assessment battery, at a similar subacute stage (mean weeks since stroke onset [SD] for LBD patients, 10.8 [12.4] ; for RBD patients, 11.1 [13.8] ), and for strokes that seemed to be of grossly comparable severity (same amount, 24.3% and 21.4% of patients with severe hemiplegia). Neglect and associated disorders (anosognosia, extinction, and gaze deviation) were more frequent after RBD than after LBD, with a ratio ranging from~2:1 to 4:1. Only hemianopia and personal neglect had similar frequencies in both groups. The frequency of neglect was roughly similar in patients with ischemic (42.6%) and hemorrhagic (45.8%) stroke (this difference was not significant; 2 ϭ 3.2; df ϭ 1; p Ͼ 0.1).
To assess the relationships between the different tests within the LBD patients, a correlation matrix was calculated for the six paper-and-pencil tasks (table 2).
All but two correlations were weak (Ͻ0.18). The only two significant correlations concerned the two drawing tasks (clock drawing and figure copying) and the two bisection tasks (long and short lines). No significant correlation existed between performance on paper-and-pencil tests and time since stroke onset, age, educational level, or handedness.
The relationships also tested between neglect and hemianopia or extinction revealed double dissociations between both disorders. One patient with hemianopia and one patient with extinction did not show neglect on any test; conversely, 14 patients who demonstrated neglect on at least one measure had neither hemianopia nor extinction. * Data from a previous study. 15 LBD ϭ left brain damage; RBD ϭ right brain damage. Discussion. We assessed the characteristics of contralateral neglect and related disorders in subacute left-hemisphere stroke patients using nonverbal subtests of a comprehensive test battery of unilateral neglect. 17, 18 A limited number of patients (11/89; 12.3%) had to be excluded because of severe verbal comprehension disorders. This suggests that the patients included in the present study were representative of most left hemisphere stroke patients referred to a rehabilitation facility, although it must be noted that hemorrhagic strokes were a little more frequent and patients' age was lower than expected. 26 The most sensitive tests were drawing tests and the bells test, which was also found to be the case after right hemisphere stroke. 18 These tasks each revealed right neglect in 10 to 13.2% of patients, but when the whole battery was taken into account, Ͼ43% of patients showed some degree of neglect on at least one test. This is in accordance with previous studies suggesting that a normal performance on one test alone is not sufficient to rule out the presence of neglect in a given patient. 16, 18, 27 The present data could be compared with those obtained in a study of subacute right hemisphere stroke patients assessed in the same units with the same assessment battery (except for tests including a verbal component) and at a similar subacute stage (11.1 [SD, 13.8] weeks after stroke onset). As can be seen in table 1, for each individual test, neglect and associated disorders were two to four times more frequent after right hemisphere stroke. When the whole battery was considered, neglect was twice as frequent after right-sided than after left-sided lesions (85% vs 43% of patients demonstrated neglect on at least one test). It seems unlikely that this dramatic difference could be related to differences in stroke severity. We acknowledge that the comparison between the present LBD patients with the previously reported RBD group should be taken with caution because the two groups were not exactly matched for stroke severity and lesion size was not systematically measured. It might be possible that larger strokes were excluded from analysis in the LBD group because of patients' inability to understand the task instructions. Nevertheless, only mild differences existed between the two groups, and particularly the amount of patients with large anteroposterior stroke was similar in both groups (44.9% for LBD; 44.7% for RBD), as was the amount of patients with severe hemiplegia (24.3% for LBD vs 21.4% for RBD), suggesting that stroke severity was similar in both patient groups.
Unlike RBD patients, 18 LBD patients demonstrated poor correlations among different paper-andpencil tests (see table 2 ). This suggests that left hemispheric neglect is an elusive phenomenon, with less clinical consistency than right hemispheric neglect.
We can confirm that neglect is less frequent and less severe after left than after right hemisphere stroke. This result in a large series of patients and with a comprehensive test battery is important in view of the great variability of previous findings. 2, 12, 13, 16, [27] [28] [29] [30] [31] [32] Reasons 13 for this variability include subject selection, lesion localization, and nature and timing of assessment. LBD patients also remain under-represented in most studies because of aphasic disorders. In one of the first studies in the field, 28 contralateral neglect was found in 56 of 179 patients with right-sided lesions and in 1 of 286 patients with left-sided lesions. Similar results have been reported 2 in 23 of 66 (35%) RBD patients and in 4 of 44 (9%) LBD patients with visual or tactile contralateral neglect. Similarly, in a large community-based study, in which a simple screening procedure was used, neglect was found in 42% of patients with right hemisphere lesions and in 8% of patients with left hemisphere lesions. 32 Therefore, other studies reported contrasting results. The frequency of neglect 29 assessed using a simple line cancellation test was not markedly different after RBD (37%) or LBD (30%), although neglect was much more severe after right hemisphere damage. Similar findings have been reported. 16 Timing of as- sessment may be an important factor explaining these discrepancies. For example, another study 12 using a comprehensive test battery has demonstrated that neglect was equally common at the acute stage (3 days) after right and left hemisphere stroke (72% vs 62%). A different picture was observed 3 months later 33 when neglect had dramatically decreased in left hemisphere stroke patients (33%), whereas it remained frequent after right hemisphere stroke (75%). Results of a meta-analysis of 17 studies 13 including left and right hemisphere stroke patients supported the frequency of occurrence of right neglect, ranging from 0 to 76% (median ϭ 21%). By contrast, the frequency of left neglect after right hemisphere stroke ranged from 13 to 82%, with a median frequency of 43%. Despite their variability, these data suggest that left neglect is about twice as frequent as right neglect and are consistent with our present findings. Moreover, formal quantitative and qualitative testing was necessary to identify the type and the severity of neglect. It may be also important to distinguish different types of neglect to design appropriate rehabilitation strategies to target specific problems.
Previous study 34 of neglect has compared the frequency of neglect after unilateral and bilateral cerebral lesions and has shown in a retrospective survey that lesions confined to the left hemisphere usually give rise to minor and short-lasting spatial impairments in the contralesional side, but bilateral lesions were necessary to produce persistent and severe right neglect. In the present study, only patients with a first-ever unilateral stroke were included (although previous silent contralateral lesions, not detected on standard CT or MRI, cannot be completely excluded).
In most clinical studies, neglect was measured with paper-and-pencil tests in the peripersonal space. However, accumulating evidence suggests that neglect is a heterogeneous disorder that may underlie distinct clinical phenomena. Personal neglect has been found to be dissociable from peripersonal or extrapersonal neglect. 22 Surprisingly, in the present study, the frequency of occurrence of personal neglect did not significantly differ from that found after RBD. The putative right hemisphere specialization for spatial selective attention may mainly concern the extrapersonal space.
These conflicting results are broadly consistent with the hypothesis that different mechanisms may underlie left and right unilateral neglect. For example, a deficit of contralesional space exploration when searching for targets on a relatively large board (75 cm ϫ 50 cm) was reported in RBD and LBD patients. However, only RBD patients omitted contralesional targets in a task in which the search was restricted to a smaller (14 cm ϫ 21 cm) portion of space. 14 A specific problem of exogenous, or stimulus-related, orienting of attention was suggested in RBD patients. 14 This problem impaired the extraction of information from the left half of stimuli during single eye fixations. Supporting evidence for this claim comes from response time studies 35, 36 and neuroimaging evidence. An earlier study 37 suggests that the brain contains two partially segregated systems for visual orienting: a dorsal network (intraparietal sulcus and frontal eye field), bilaterally represented and concerned with endogenous orienting, and a more ventral network (temporoparietal junction and inferior frontal gyrus), subserving exogenous orienting. Importantly, the ventral network is lateralized to the right hemisphere and colocalizes with the brain regions most often damaged in left neglect. These notions seem to comply with our finding of right neglect mainly in tasks stressing spatial exploration (cancellation tasks), with a relative sparing of tasks involving perceptual analysis (line bisection). Thus, consistent with the hypothesis of a left hemisphere dominance for action selection, 38 right neglect may involve a bias affecting the processing stages more closely related to action than left neglect. 15 A previous study 16 has revealed that right neglect was preferentially associated with anterior lesions, whereas left neglect was related to retrorolandic lesions. However, our results did not replicate this finding and suggested that right neglect is preferentially associated with posterior cortical lesions similar to left neglect. 1, 39 Anosognosia is a major concern in neglect patients and has been found associated with poor functional recovery. 32, 40 Anosognosia for visual impairments was more frequent (10%) than anosognosia for hemiplegia (6%). The frequency of anosognosia was much lower than that found after right-sided lesions (46% and 17%). Our results are similar to those reported in several previous reports, although there remains considerable variability across studies. For example, in five previous studies, anosognosia was found in 28 to 68% of patients after RBD and in 5 to 32% of patients after LBD. [41] [42] [43] [44] Thues-les-Bains, France; and Centre de la Tour de Gassies, Bruges, France.
